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INTRODUCTION
The commute patterns of young people travelling to school have been extensively explored in previous literature, with an array of studies supporting the contribution of active commuting to overall PA levels 1,2 and health. 3, 4 Given the opportunity that active school commuting provides in terms of regular and habitual PA in youth, 5 it is unsurprising that school commuting patterns have been broadly targeted by a number of PA promoting intervention studies. 6, 7 Such widespread interest in school commuting patterns has been fuelled by internationally declining rates of youth actively commuting to school. 2, 8 The proportion of youth in the UK actively commuting to and from school has significantly declined over the past three decades, 9 with the West Midlands (Central England) in particular having the lowest proportion of youth cycling to and from school compared to other regions in England.
10
Whilst young people's school commuting patterns have been widely researched, it has been reported that inconsistencies and inaccuracies in the measurement of commute type and commute journey are a major limitation in many previous studies. 3 This is predominantly a methodological issue, as the vast majority of previous studies measured commute type and commute journeys using subjective methods, whilst others utilised traditional objective motion sensors. Both of these traditional methods lack the ability to precisely measure integral commute information such as the exact route travelled, the precise commute time (excluding and accounting for potential stop-offs) and the independent contribution of the commute journey to daily PA.
It has been outlined in a review by Lee et al 8 that despite significant research interest, it is difficult to determine whether active commuting leads to increased PA or whether active youth are simply more likely to actively commute to and from school. Lubans et al
Procedure
The adolescent's activities for this study were recorded during their free-time after school, including their commute home at the end of the school day. Following detailed written and verbal instructions, each participant wore the GPS and heart rate monitor during after-school hours for four consecutive weekdays. Adolescents were required to return the devices to the researcher on a daily basis (each morning when arriving at school). This allowed the researcher sufficient time to upload all of the participants' GPS data, clear the memory and fully recharge the GPS units, 20 before returning them to the students later in the school day. As the adolescents were not required to recharge the devices themselves, this minimised participant burden whilst also allowing the researcher to conduct daily checks to ensure that the research procedure was being adhered to (i.e., participants were wearing the device, completing the activity diary and the GPS devices were in working order).
Once collected, the data was manually cleaned before the participants' commute journey was extracted, so that it could be accurately and independently analysed. Commute journey data were classified as the data points from when the participant left the school building (at the end of the school day) until the first data point whereby the participant had reached their home. In order to accurately represent the commute journey home, stop-offs (e.g. at a friend's house) were not included in the recording of commute journey information, as these could be lengthy and skew commute information such as commute time or MVPA.
For each of the participants' commute journeys, the researcher recorded whether the journey was direct or indirect. The GPS data is automatically merged with the heart rate data (with each data point collected, recording both participant location and heart rate). The locational data was then cross-checked with the self-reported activity diaries. As conducted in previous literature 15 , data recorded for the remainder of the free-time (between the arrival home and bedtime) were also independently analysed using analysis of variance (ANOVA) to explore potential gender and SES differences in youth. Comparisons were then analysed between the adolescents' commute PA levels and overall free-living PA levels, to establish potential associations between commute activeness and overall activeness.
Statistical analysis
Descriptive statistics and analysis of variance (ANOVA) were utilised to establish the presence of any statistically significant differences in the commute patterns of youth when comparing genders, type of commute, and SES. A priori power analysis using G*Power 3.1
(with an alpha error probability power of .05, power of 0.85 and effect size of F=0. 4) indicated that a sample size of 75 participants was sufficient to identify within the ANOVA, statistically significant differences in the MVPA levels of active and passive commuters. In all statistical analyses, a two-tailed significance value of p < 0.05 was adopted. PA data were log10 transformed to establish a normal distribution. For clarity, as there were no differences in analyses when using transformed or untransformed data, untransformed values are presented within the study's results, as conducted in previous literature. 21 Pearson correlations were performed to establish relationships between commute activity levels and PA during the remainder of young people's free-time. The geographical information software (GIS) used to interpret the location data was the Garmin training centre and Garmin Connect programs (Garmin Ltd., Olathe, KS, USA). SPSS version 20 (SPSS Inc., Chicago, IL, USA) was used for all statistical analyses. To ensure that the current study findings are comparable with previous literature, two MVPA cut-off points were utilised to account for 140 bpm and 120 bpm MVPA thresholds. 12, 15, 22, 23 This increased the transparency of the PA intensity findings. For inclusion in the data analyses, adolescents had to provide a minimum of 3 hours of combined GPS and heart rate data for at least one day. 21 As there was a strong likelihood of varying participant compliance and subsequently differing numbers of days completed by each participant, the mean daily PA data was stacked and weighted in accordance with the number of days that each participant provided at least 3 hours of full data. The percentage of youth that provided sufficient combined heart rate and GPS data on 3 weekdays (41.3%), was higher than the percentage of youth that provided 1 (26.7%), 2 (16%) or 4 (16%) days of data. As conducted in previous research utilising GPS and heart rate monitoring, 15 all statistical analyses conducted on the free-living and commute PA data were based on the weighted statistics. The weighting of statistical data is fully discussed elsewhere 24 and ensures that the findings provide a fairer reflection on the average daily commute and free-living PA levels of participants.
relationship between the number of minutes in MVPA during the commute and the number of minutes in MVPA during the remainder of the day (r=0.012, p>0.05). This provides further evidence that active commuters are generally no more active than passive commuters during the rest of their free-time. Figure 1 illustrates the difference in total daily MVPA between active and passive commuters whilst also indicating the proportion of MVPA contributed by the commute journey (for the 120 bpm MVPA threshold). As illustrated, the contribution of the commute journey to total MVPA is significantly influenced by the mode of the commute. This is highlighted by comparing the average contribution of commute MVPA (>120 bpm) to overall daily MVPA in walkers (34.23%±30.53%), cyclists (56.56%±45.08%), bus users (29.08%±50.72%) and car users (9.51%±18.25%).
There was a significant difference in the composition of active and passive commuters' total daily MVPA (F (3, 61) =6.242, p=0.015) when applying the 120 bpm threshold.
As illustrated in Figure 1 and Only one adolescent (a cyclist) commuted a distance greater than 2.2 miles. These results underline the significant impact that commute distance has on young people's commute choice. These calculations were based on the approximate measurement of commute distance calculated by a GIS. As illustrated in Figure 2 , when correlating the GIS approximated distance with the GPS measured distance, there was a highly significant positive relationship (r=0.919, p<0.001).
Comparing high and low socio-economic status (SES) youth
A two-way ANOVA revealed a significant interaction in the commute MVPA levels of youth between gender and SES (F (3, 61) Whilst there was no significant difference in commute distance between genders, a significant difference in the commute distance of low and high SES youth was evident (F (3, 74) =5.838, p<0.018) with low SES youth commuting a significantly shorter distance (0.95 miles) compared to high SES youth (2.14 miles). When controlling for commute distance, a school. It can be implied from such findings that commute distance is a major barrier to youth who live 1.5 miles or more from the school. In light of these outcomes, trends indicating that young people are now living further away from schools compared to previous generations are very concerning, 36 with literature citing urban planning and school relocations as major obstacles to the promotion of active commuting. 37 In order for future researchers and policy makers to overcome the substantial barrier of commute distance, the promotion of cycling may provide a more viable and time efficient minority background had shorter school commute distances but greater perceived safety risks and poor street environments. Whilst acknowledging the disparity in subgroup sample size, the current study also found that low SES youth lived significantly closer to the school (0.95 miles) compared to high SES youth (2.14 miles). However, even when the statistical analysis was adjusted to control for commute distance, a significant difference in the commute MVPA levels of high and low SES youth was still evident. Future studies could use a mixed-methods approach to further explore environmental and social perceptions whilst utilising GPS to track the commute journey of youth.
Whilst the current study provided a detailed insight into young people's commute journey home from school and its contribution to overall free-living MVPA, there are some limitations to the study. Firstly, the limited battery-life and memory capacity of the GPS devices makes full day's testing of youth PA patterns problematic. Subsequently, young people's free-time from the end of the school day until their bed-time was specifically targeted. This allowed for the detailed measurement of youth PA during the commute home and remainder of the day, but does not account for other potentially crucial PA opportunities throughout the adolescents' school day (e.g. commute to school, Physical Education lessons and recess times). 47 Therefore, conducting studies utilising GPS to encompass all of the PA opportunities in young people's average weekday is a key recommendation for future research. Such studies would advance current understanding of young people's movement patterns and PA opportunities during a 'normal' day within their own natural built environment.
The measurement of the commute journey home from school using GPS on a large scale is complex. 11 Research employing larger samples of equal numbers of low and high SES groups should be considered in future work. Future studies, employing a larger and more representative sample size would potentially help in consolidating the preliminary conclusions from this study. The current study is limited by its cross-sectional design, hindering the study's ability to establish causal effects. Furthermore, its use of standardised cut-off points to establish MVPA thresholds, do not differentiate between the varying fitness levels of each participant. Future studies could account for individual differences by measuring resting heart rate to determine heart rate reserve, whilst some studies using GPS have supported the utilisation of accelerometers in measuring MVPA in youth. 11, 14, 21 Despite such limitations, the current study provides further support to the appropriateness of utilising GPS devices in providing accurate and objective measures of young people's PA. The findings provide support for the importance of active commuting to the overall free-living PA of youth. Demographic and environmental influences have also been acknowledged.
CONCLUSION
The current study provides a detailed insight into the commute patterns of young people when travelling home from school, and highlights the substantial contribution of active commuting to overall free-living MVPA in walkers and cyclists. The study provides a valuable insight into the utilisation of GPS technology in tracking young people's commuting patterns and provides intriguing comparisons between youth from different demographic backgrounds. It also addresses calls from previous research to utilise GPS technology in the measurement of active school commuting patterns 3 and to focus on young people's PA
